ABSTRACT: Ovitraps are regarded as a reliable system to monitor Aedes albopictus dynamics. However, the dimensions of the oviposition substrate are not standardized, and no studies have investigated which should be the most effective sizes. In this study, the effect of paddle sizes in tiger mosquito egg collection was evaluated. Egg count and density on the wide surfaces and margins of different-sized oviposition substrates have been evaluated in two studies (A and B). In study A, a total of 29,995 Ae. albopictus eggs was counted in 250 classic oviposition substrates. Eggs were found on both wide surfaces (53.1%) and margins (46.9%). Egg density was significantly larger in margins compared to wide surfaces. Overall in study B, 983 Ae. albopictus eggs were collected. According to paddle sizes, 51.8% of eggs were on large and 48.2% on small paddles. Mean egg density of wide surfaces was significantly larger in small paddles (0.25 eggs/cm 2 ) compared to large paddles (0.06 eggs/cm 2 ). Results indicate that wider oviposition substrates do not mean larger number of Ae. albopictus eggs. Indeed, on paddles four times thinner than others, the number of eggs counted was not statistically different. These findings suggest that small paddles may be routinely employed in ovitraps, thus allowing savings of materials and money. Journal of Vector Ecology 40 (2): 256-261. 2015.
INTRODUCTION
Aedes albopictus Skuse 1894 (Diptera: Culicidae), commonly known as the Asian tiger mosquito, is considered to be the most invasive mosquito species in the world (Reiter and Sprenger 1987, Benedict et al. 2007 ). The Asian tiger mosquito is an endemic species of Southeast Asia, but it has recently spread to Europe, Americas, Caribbean, Africa, and the Middle East, becoming one of the world's 100 worst invasive species according to the Global Invasive Species Database (Lowe et al. 2000) . This mosquito represents both a nuisance and a vector of pathogens (Moore and Mitchell 1997) . Its medical importance is mainly due to the aggressive daytime human-biting behavior (Gratz 2004) and to its ability to transmit many agents of diseases. It is a vector of a variety of human and animal pathogens, second only to Aedes aegypti, the vector of dengue virus. Moreover, Ae. albopictus is a competent vector of at least seven alphaviruses (Delatte et al. 2010 ) and eight bunyaviruses (Moore and Mitchell 1997 , Shroyer 1986 , Gratz 2004 , Benedict et al. 2007 ). The Asian tiger mosquito is also able to transmit three flaviviruses to humans (Moore and Mitchell 1997, Shroyer 1986) . It is also a proven vector of Dirofilaria immitis and Dirofilaria repens (Konishi 1989 , Cancrini et al. 1995 , Genchi et al. 2009 , Giangaspero et al. 2012 .
Because of the nuisance and vectorial role of mosquitoes, surveillance is commonly conducted by local administrations or health services to monitor their seasonal patterns and dynamics, perform ad hoc control actions (e.g., disinfestations), and decrease the risk of pathogen transmission. Other mosquito species are easily monitored by the use of light-traps, but the diurnal activity of Ae. albopictus makes this species less attracted to light sources. Even if the use of attractive baits, such as ethyl butyrate, L-lactic acid, dimethyl disulfide, and hexanoic acid (Wang et al. 2006) improves trap effectiveness, monitoring activities of Ae. albopictus are mainly based on the use of ovitraps. Ovitraps are indeed a reliable and less expensive system to monitor Ae. albopictus in large urbanized areas. The oviposition substrate is the component of the ovitrap that is systematically collected and checked for egg presence. The size of the oviposition substrate is not standardized, and although it seems logical that wider substrates are capable of collecting a greater number of eggs, no studies have proven this correlation. Nevertheless, the oviposition substrate is the only component of the ovitrap that is renewed at each examination, and variation in its sizes may considerably influence data and costs of the monitoring. Several studies have been conducted to understand how to improve the efficacy of ovitraps, focusing on the colors of the vessel (Hoel et al. 2009 , 2011 , Panigrahi et al. 2014 or on the use of chemical attractants (Anderson et al. 2014 , Santana et al. 2006 , Wang et al. 2006 , Thavara et al. 2004 Centre for Disease Prevention and Control 2012), but no studies have investigated which sizes of oviposition substrate were the best.
Improvements in ovitraps should always consider maintaining their affordability. In fact, the most-used ovitraps remain the simplest, since the use of expensive traps is not feasible by local administrations that face a reduction of funds, thus investment costs for traps should be considered as a limit for quality and affordability of any surveillance plan. Indeed, the cost of traps ranges between the most expensive Mosquito Magnet trap and the cheapest ovitrap. In a global view of pest control, a standardized collection technique is fundamental to evaluate data coming from different surveillance entities. Therefore, effective, cheap, and feasible ovitraps should be proposed to allow each country, even the poorest, to obtain consistent and comparable data to be used in control measures against Ae. albopictus and diseases transmitted by this species. Considering that other elements that constitute the standardized ovitraps have already been proven to be the most effective (reviewed by Hoel et al. 2011) , this study aimed to evaluate the effect of different sizes of the Masonite® substrate on ovitrap effectiveness, with the final intent to set its standard size.
MATERIALS AND METHODS

Study A
Monitoring activity of the Asian tiger mosquito was launched in the city of Messina (southern Italy) in 2006 using a total of 128 ovitraps. Devices employed in this activity were composed of black plastic vessels half-filled with 250 ml of tap water and an oviposition substrate made from a Masonite® paddle of 14 cm × 2.5 cm × 0.5 cm. During the examination of the oviposition substrates, a higher presence of eggs on the margins of the Masonite ® paddle compared to the wide surfaces was often noted (Figure 1) . To verify this different pattern of oviposition and egg density between wide surfaces and margins, a total of 283 randomly selected Masonite ® paddles, placed in different areas of the city in the summer 2012, were examined. Briefly, each face of the paddle was observed using a stereo microscope for detection of Ae. albopictus eggs. Eggs were counted using a digital counter available for Android ® platforms (Click Counter ® , Digital fish) under a stereomicroscope and by discerning for each side two separated counts, one related to wide surfaces (S) and one to margins (M). For each side, the number and density of eggs were reported. Density was expressed in cm 2 and calculated as the ratio between the eggs laid on that side and the whole surface area of the paddle side.
Study B
From September to October, 2014, four ovitraps were placed in a rounded garden 11 m in diameter within the School of Veterinary Medicine of the University of Messina. The two diameters of the garden were drawn virtually and the ovitraps placed at 0°, 90°, 180°, and 270°, identified as Site A, Site B, Site C, and Site D, respectively (Figure 2) . The oviposition substrates used in this study were of different sizes. Paddles referred to as "small" were 14 cm × 1 cm × 0.5 cm, whereas paddles referred to as "large" were 14 cm × 4 cm × 0.5 cm (Figure 3) . Same-sized paddles were placed oppositely along rounded garden diameters. To reduce biases related to the different environmental features of the sites after each sampling, small paddles replaced the large paddles and vice versa by a clockwise rotation of 90° (e.g., small in Site A and Site C; large in Site B and Site D). The paddles were substituted every three days and observed for the presence of eggs. Eggs were counted for each surface of the paddle as described in study A. In both studies, classification at the species level was obtained throughout morphometric evaluation of larvae obtained by a pool of eggs that was left to hatch in fresh water (data not shown).
Statistical analyses
The Kolmogorov-Smirnov method was used to test the normality distribution of data. In study B, egg count and egg density of each sampling were calculated using sums of eggs collected from either the two small or large paddles and grouped by sides (i.e., S or M). Wilcoxon signed-rank test was used to statistically analyze differences between the amount of eggs laid on surfaces S and M, and of egg count and egg density between small and large paddles. One-way ANOVA was performed on egg counts sorted by site of collection to verify if any significant difference was associated with the trap sites. Differences were considered statistically significant for values of p<0.05. Statistical analyses were performed using Prism 6.0 (GraphPad® Software, Inc.).
RESULTS
Study A
Eggs of Ae. albopictus were found in 250 out of the 283 (88.3%) selected paddles. The total number of eggs counted was 29,995 and according to the surface of oviposition, 15,925 (Mean 56±72.82) were found on S and 14,070 (Mean 50±53.52) on M sides (Table 1) . Although in 138 (55.2%) out of 250 positive paddles, the egg count on M sides was larger than that on S, no significant differences were observed between the number of eggs laid on the two sides (p<0.8507). The area of S and M sides was 70 cm 2 and 14 cm 2 , respectively. The mean egg density of S and M surfaces was 1.0 eggs/ cm 2 and 4.1 eggs/cm 2 , respectively. Eighteen paddles (7.2%) were positive only on M, while five (2%) were positive only on S sides. Statistical analysis showed significant difference between egg density of wide surfaces and margins (p<0.0001).
Study B
A total of eighteen collections was performed, but in six samplings paddles were all negative for Ae. albopictus eggs. (Tables 2 and 3 ). The mean egg density for small paddles were 0.45 eggs/cm 2 and 0.25 eggs/cm 2 for M and S sides, respectively, while for large paddles they were 0.49 eggs/cm 2 on M and 0.06 eggs/cm 2 on S sides (Tables 2 and 4) . No significant differences were observed between the number of eggs collected using large and small paddles (p=0.7900), or between egg density of margins (M) of large and small paddles (p=0.8984), although the egg density on wide surfaces (S) of large paddles was significantly lower than that of small paddles (p=0.0010). One-way ANOVA performed on results from different trapping sites did not show significant differences (F= 0.04913; p=0.9855) .
DISCUSSION
Results obtained in this study have shown that wider surfaces provided as oviposition substrates do not result in a larger number of Asian tiger mosquito eggs. In fact, the difference in the number of eggs between M and S sides (surface ratio 1:4) was not statistically significant. It means that it is not necessary to use large oviposition substrate (>1 cm of width) to improve the effectiveness of the ovitrap. In practical and economic perspectives, this finding may allow the saving of materials and money, and maintaining the quality of surveillance activity.
In study A, almost half of the eggs counted in the selected paddles was found on the margins (M) even if the sides were only a fourth of the total paddle surface. In study B, the comparison between large and small paddles further underlined the absence of correlation between surface area and eggs laid. Even if the reasons for this behavior were not considered in this study, it could be hypothesized that the manner of obtaining the paddles (i.e., longitudinal cut) makes the surface patterns different between margins and wide surfaces. In fact, compared to the solid and continuous surface of the wide hardwood surfaces, the margins look more rough and moistened and are likely to be more attractive for gravid mosquitoes. An alternative explanation could also be attributed to chemical attractants emitted by wood fibers of cut margins. Whatever the reasons, results of the present study indicate the possibility of reducing the total surface of oviposition substrate. As Ae. albopictus is a proven vector of several diseases of humans and other animals, its surveillance still represents an indispensable activity in preventing mosquito-borne disease outbreaks. Indeed, surveillance allows the adoption of the most suitable and effective control measures in hazardous urban and suburban areas. Among traps employed to detect and quantify the presence of the Asian tiger mosquito, ovitraps are most frequently chosen because of their feasibility. According to our study, smaller oviposition substrates should be preferred to larger ones (>1 cm of width). In fact, the use of small paddles does not reduce ovitrap effectiveness but can decrease the general costs of the surveillance activity and, more importantly, the time dedicated by operators to the egg counting. 
